Abstract. A quantitative complement fixation assay which specifically measures double-stranded RNA has been used to study this RNA extracted from uninfected and arbovirus-infected cells. The double-stranded RNA of the uninfected BHK-21 cells sedimented in the 12S region in sucrose gradients. The double-stranded RNA of Sindbis virus-infected cells, as measured immunochemically, included a predominant peak at 12S, a smaller 18S peak, and polydisperse material extending into the 26-30S region. All classes of this RNA detected immunochemically showed a sharp thermal denaturation curve, and increased in amount progressively during infection, with the 12S peak predominant at all times.
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Sera of rabbits immunized with complexes of poly A-poly U and methylated bovine serum albumin (BSA) have been shown to react specifically with multistrand structures containing polyribonucleotides.1 In quantitative C'F experiments, one such serum reacted at high dilution (1/2500 to 1/10,000) with doublestranded RNA including both synthetic copolymers and the naturally occurring reovirus double-stranded RNA. MIore concentrated serum (1/500) also reacted with RNA-DNA hybrids. Other forms of polynucleotides, such as singlestranded RNA, or native or denatured DNA, did not react in precipitation or complement fixation and did not inhibit the reaction with double-stranded polyribonucleotides. Thus the serum could be used, at suitable dilution, to measure small amounts of double-stranded RNA even in the presence of a large excess of other nucleic acid forms. Duplex or multistrand RNA structures have been found in most virus infection. The timing of this increase, the sedimentation, and the thermal denaturation properties of these RNA species were examined immunochemically. Materials and Methods. The cells, viruses, and techniques of infection have been described elsewhere.6-9 Plaque titration of Sindbis virus was performed using confluent BHK-21 cell monolayers. Infected or control cells to be used for RNA extraction were harvested by scraping the cells into the culture medium by means of a rubber policeman. The cells were centrifuged and stored as frozen pellets until extracted. RNA was extracted and prepared by the method of Scherrer and Darnell,"°w ith slight modifications," including the use of bentonite."2 Samples of RNA in 2.0 to 2.5 ml were applied to sucrose gradients which were prepared and centrifuged as described elsewhere." After centrifugation, 1-ml fractions were collected, starting at the tops of the gradients, with the ISCO density gradient fractionator. For each fraction, the total RNA was determined by measurement of absorbance at 260 mA. When Immunochemical procedures: The induction and characterization of rabbit serum 68-170a (anti-poly A-poly U-MBSA), which was used in these studies, has been described previously.' Quantitative micro-complement fixation was performed as described by Wasserman and Levine,"' in a total volume of 1.4 ml per reaction mixture, in a buffer of 0.01 M Tris, pH 7.4, 0.14 M NaCl, 5 X 10-4 M Mg++, 1.5 X 10-4 Ca++, and 0.1% BSA.
For the immunochemical measurement of thermal denaturation, samples of RNA (15 -50,ug/ml) were heated at increasing temperatures in 0.015 M NaCl with 0.0015 M1 sodium citrate ('/lo SSC). After incubation at a given temperature for 10 min, a sample was diluted fivefold in ice-cold C'F buffer; further twofold serial dilutions were assayed by complement-fixation.
Results. Immunological demonstration of double-stranded RNA in dengue and Sindbis virus-infected cells and calibration of assay: It has been shown by other methods that dengue virus-infected cells contain a 20S double-stranded RNA." To determine whether this RNA could be detected in such cells by complement fixation with the rabbit anti-poly A-poly U serum, KB cells were infected with dengue-2 virus as described above and harvested 24 and 48 hours later; uninfected cells were also collected. On the basis of the previously described characterization,' the serum was used at a dilution of 1/2500 or higher; at these dilutions it reacted in complement fixation only with double-stranded polyribonucleotides and naturally occurring double-stranded RNA. Figure 1 shows the C'F reactions of the anti-poly A-poly U serum with the inducing copolymer and with RNA extracted from uninfected and infected KB cells. In each case, the total RNA (110 jg/ml) or poly A-poly U was exposed to 7 ,g/ml of RNase at 37°C for ten minutes before assay. Reactivity was observed with Figure 2a shows that, after a latent period of three hours, the concentration of infectious virus in the medium began to rise and increased logarithmically for another nine hours. As calculated from the C' fixation curves in Figure 2b , increases of double-stranded RNA, above the control values, were first detected at five hours and then continued to increase in parallel with the viral growth curve (Fig. 2a) .
Identification of double-stranded RNA after sucrose gradient centrifugation of radioactively labeled RNA from Sindbis-infected cells: The double-stranded replicative form of Sindbis virus RNA, identified by its resistance to digestion by RNase, has previously been shown to have a sedimentation constant of 20S.14 In order to determine whether the immunologically reactive doublestranded RNA had the sedimentation properties of replicative form RNA, BHK-21 cells were infected, treated with actinomycin D, and labeled as described in Materials and Methods. The cells were harvested 13 hours after infection. The extracted RNA was subjected to sucrose gradient centrifugation. Fractions were assayed for absorbance at 260 mit, for 14C (long-term label) and 'H (pulselabel) trichloroacetic acid-precipitable radioactivity, both before and after RNase treatment, and for immunologically reactive double-stranded RNA.
The results are presented in Figure 3 . The curves for 14C-trichloroacetic acidprecipitable radioactivity before ribonuclease treatment (not shown) and for the absorbance at 260 m14 were qualitatively similar. Whereas virtually all of the 14C-labeled material was made acid soluble by RNase treatment, some 3H remained acid precipitable. As shown in Figure 3 , this RNase-resistant RNA sedimented mainly in the 18S region but showed a minor peak in the 12S region.
Immunologically reactive double-stranded RNA was identified in several areas of the gradient. The major peak was at 12S. A shoulder at 18S trailed off, extending into broadly dispersed material around 28S and higher. None of the fractions reacted in C'F with an unrelated immune serum.
Heat denaturation of RNA from the 12, 18, and 28S regions: As another test for double-stranded structure, it was determined whether three classes of double-stranded RNA obtained from gradients lost their immunological reactivity upon thermal denaturation in the same way as was previously described for poly A-poly U and for reovirus RNA.' For this purpose, fractions from the gradient shown in Figure 3 were pooled as follows: 12S, fractions 9 and 10; 18S, fractions 12-14; 28S, fractions 19-21. The immunochemically measured thermal denaturation of the three forms is shown in Figure 4 . All three RNA pools showed a sharp transition between 900 and 950C; the same transition was observed with the unfractionated RNA from infected cells.
Sucrose gradient analysis of RNA from uninfected BHK-21 cells and from Sindbis-infected cells harvested at different times after infection: While 20S double-stranded RNA has previously been described in the RNA from Sindbisinfected cells,'4 the presence of lighter and heavier forms has not been reported.
The presence of these forms was thus examined further as a function of the time after infection. The results are shown in Figure 5 . RNA from uninfected BHK-21 cells (Fig. 5a ) contained a very small amount of double-stranded RNA in the 12S region. Four hours after infection, a tenfold higher peak was present in the 12S region, and very small amounts of heavier double-stranded material were detectable (Fig. 5b) . By eight hours after infection, the amount of the light or 12S double-stranded RNA had increased substantially and a shoulder of this RNA was detectable in the 18-20S region; increased amounts of polydisperse heavier double-stranded RNA were also present (Fig. 5c ). Later samples (13 and 24 hr after infection) revealed progressive increases of this RNA, and clearer definition, of 12, 18S, and heavier classes (Fig. 3, Fig. 5d and e) . The 12S species remained most prominent throughout the experiment.
In order to obtain sufficient double-stranded RNA for immunochemical analysis of the gradient fractions, relatively large amounts of RNA (up to 5 mg) were applied to most of the sucrose gradients. This is probably why the 28S cellular RNA sometimes extended considerably toward the bottom of the tube (see Figs.  3 and 5d) . At 24 hours, however, double-stranded RNA was much increased; therefore less than 500 jAg of total RNA was applied. of the cellular RNA peaks was improved (Fig. 5e) , and the 28S RNA banded more distinctly. These variations did not seem to influence the sedimentation patterns of the immunochemically detectable RNA (cf. the qualitative similarities in Figs. 5d and e) . Discussion. The results described show that a quantitative immunochemical method can be used to detect double-stranded RNA in the total RNA from uninfected cells as well as from cells infected with two different RNA viruses. The conclusion that the reactive material is indeed double-stranded RNA is based on: (1) the previously described specificity of the antiserum; other kinds of nucleic acids such as native or denatured DNA or single-stranded RNA neither reacted with the antiserum nor inhibited the reactivity of doublestranded RNA, and (2) the abrupt loss of immunological reactivity upon heat denaturation of the double-stranded RNA, giving a sharp melting curve which is characteristic of duplex helical structures but not of single-stranded RNA or DNA.15 In many investigations, the presence of double-stranlded RNA in virus-infected cells has been shown by the demonstration of an RNase-resistant species of radioactively labeled RNA. Often these experiments have involved the use of actinomycin D to inhibit cellular RNA synthesis. This may produce an ab-normal situation in which the effects of the inhibitor must be differentiated from the effects of the viral infection. The radioactive labeling of RNA reflects a number of variables such as the duration of labeling, the pool size of intracellular precursors, and biochemical compartmentalization within the cell. These factors all complicate the use of labeling methods in the quantitation of various kinds of RNA. Also, since resistance to RNase is not absolute, the use of this enzyme may lead to substantial degradation and thus to an underestimation of doublestranded RNA.
The availability of an antiserum reacting specifically with double-stranded RNA makes possible the quantitative estimation of this RNA in the presence of a great excess of other types of RNA and DNA. Such quantitative determinations depend partly on the assumption that the various types of doublestranded RNA and the poly A-poly U standard have identical properties in terms of the amount of antigen required for a given level of complement fixation. On the basis of previous results with synthetic polymers and with reovirus RNA, it appears that the error involved would not be greater than twofold, which does not appear excessive in view of the amounts being measured and the clear increase after viral infection.
It appears reasonable to assume that the immunochemically identified 18-20S double-stranded RNA corresponds to the replicative form of the Sindbis viral RNA, 14 and that the broad polydisperse band of immunologically reactive doublestranded RNA extending into and beyond the 26-30S region of the gradients represents the "replicative intermediate"16 of the viral RNA.
The 12S double-stranded RNA was identified immunochemically in RNA from both uninfected and Sindbis virus-infected BHK-21 cells. In the infected cell RNA, it was the predominant type of double-stranded RNA at each time examined. A small peak of 12S RNase-resistant 3H-labeled RNA was also evident in the sucrose gradient pattern shown in Figure 3 . Such a 12S double-stranded RNA has not been described previously in cells infected with Sindbis or other group A arboviruses, and its nature is not obvious at this time. The observation may, however, be related to two recent reports of double-stranded RNA in animal cells.4 5 It is tempting to speculate that most animal cells contain a small amount of such RNA, the synthesis of which may be an important and necessary step for the production of interferon. If the synthesis of the 12S double-stranded RNA is markedly inhibited by actinomycin D, as one would expect if host cell mechanisms are involved, then it would probably not be easily detected by labeling experiments performed in the presence of this inhibitor. However, if the 12S RNA was reasonably stable, it would be possible to detect immunochemically that amount which had been synthesized up to the time of addition of actinomycin D. Experiments are underway to further characterize this RNA and to determine if it is ef viral or cellular origin.
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